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^X^^^m-^- i^'^n^^m • Manufacturing method and device for precision 
electroforming) 

The invention includes a precision electrof ormiag 
method and device. The pre-dctcrmined gas is 
filled into the electroforming tanks with certain 
pressure. The electroforming process is practiced 
ill the pressured electrolyte. It can control gas 
formation in the electroforming process, improve 
the thickness uaiforiity of work pieces, and fine 
crystalline of deposited materials. It also 
increase the material strength and conductive 
through this invention. It provides the extreme 
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TITLE: DEVICE AND METHOD FOR PRECISION 
BACKGROUND OF THE INVENTION 

(a) Technical Field of the Invention 

The present invention generally relates to electrofomiing, and more 
5 particularly to a device and a related method where the electroforming process 
is conducted under a raised pressure. 

(b) Description of the Prior Art 

Precision electroforming is a manufacturing process similar to the 
conventional electroplating where metallic material is deposited over the 

10 conductive surface of a mold substrate. The highly precise electroformed parts 
can be further utilized as molds in the mass production of, for example, the 
compact disks, backlight plates of small-scale display devices, optical fiber 
passive components, or PC peripherals, \Wthin the existing electroforming 
environment, the mold substrate is positioned on the cathode terminal while a 

15 dissolvable metallic material is positioned on the anode terminal of an 

electroforming tank where both the mold substrate and the metalUc material 
are both immersed in an electrolyte. Then, electrical current is conducted 
through the electrolyte and metallic deposition is built up on the surface of the 
mold substrate as positive metalhc ions of the electrolyte swim towards the 

20 cathode terminal and obtain electron there. The metallic ions of the electrolyte 



are re-supplied by the metallic material on the anode terminal. 

The mold substrates can be roughly categorized into two types: planar 
substrates and those having high-aspect-ratio structures. For planar substrates, 
the metallic deposition is formed on the surface of the substrate. For the 
5 substrates having high-aspect-ratio structures, the metallic deposition usually 
has to be formed at the bottom and on the inner wall of channels or bores of 
the substrate. Regardless of the types of the mold substrates, a conventional 
electroforming process is usually conducted under the normal atmospheric 
pressure. 

10 On the other hand, hydrogen bubbles are commonly formed and retained 

on the surface of the mold substrate during the conventional electroforming 
process. Therefore, when the deposition speed is higher than the speed of 
removing the hydrogen bubbles, the bubbles will be buried inside the 
deposition, causing a large number of cavities on the deposition surface, 

1 5 especially around the edges and comers. Even though reducing the electrical 
current is a feasible way to reduce the amount of hydrogen bubbles, the time 
to complete the electroforming is inevitably lengthened correspondingly, 
which is not an economical option. The quality of the electroformed parts is 
also inferior. 

20 For mold substrates having high-aspect-ratio (e.g., over 50) structures, the 
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deposition usually has to be formed deeply into tiny channels of the mold 
substrate. The conventional electroforming device or method is not applicable 
as, when the electrolyte enters the channels through the capillary effect, the air 
trapped inside the channels will prevent the electrolyte to reach the deepest 
5 spot of the channels and therefore no deposition will be developed there. The 
precision of the electroformed parts is therefore significantly impaired. 
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SUMMARY OF THE INVENTION 

Accordingly, a device and a related method are provided herein to obviate 
the foregoing shortcomings of the conventional electroforming process. 

A major characteristic of the device and method of the present invention 5 
5 lies in raising the pressure inside the electroforming chamber above the 
normal atmospheric pressure when the electroforming is conducted. Under 
this higher pressure, the electrolyte can quickly permeate between the surface 
of the mold substrate and the hydrogen bubbles. The hydrogen bubbles, as 
such, can be effectively and quickly removed. Without the influence of the 

1 0 hydrogen bubbles, the electroformed metallic deposition has a more uniform 
thickness and finer grains. The material strength and conductivity of the 
electroformed parts are also significantly increased. 

The foregoing object and summary provide only a brief introduction to 
the present invention. To fully appreciate these and other objects of the 

15 present invention as well as the invention itself, all of which will become 
apparent to those skilled in the art, the following detailed description of the 
invention and the claims should be read in conjunction with the accompanying 
drawings. Throughout the specification and drawings identical reference 
numerals refer to identical or similar parts. 

20 Many other advantages and features of the present invention will become 
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manifest to those versed in the art upon making reference to the detailed 
description and the accompanying sheets of drawings in which a preferred 
structural embodiment incorporating the principles of the present invention is 
shown by way of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a schematic diagram showing the various components of an 
electroforming device according to an embodiment of the present invention. 

FIG 2 is a flow diagram showing the processing steps of an 5 
electroforming method according to an embodiment of the present invention. 

FIG 3Ais a schematic diagram showing the mold substrate is 
pre-processed in a vacuumed case according to the present invention. 

FIG 3B is a schematic diagram showing the electrolyte is filled into the 
vacuumed case of FIG 3A according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following descriptions are exemplary embodiments only, and are not 
intended to limit the scope, apphcabiUty or configuration of the invention in 
any way. Rather, the following description provides a convenient illustration 
5 for implementing exemplary embodiments of the invention. Various changes 
to the described embodiments may be made in the function and arrangement 
of the elements described without departing from the scope of the invention as 
set forth in the appended claims. 

As illustrated in FIG 1, a device for precision electroforming according to 
10 10 an embodiment of the present invention contains a hollow tank member 10, 
a supply tube 20, two filtering members 30, a pressure generation member 40, 
and a heating member 50. 

Inside the tank member 10, a closed chamber 11 is provided, inside which 
the electrolyte 60 is stored. Also inside the chamber 11, an anode terminal 13, 
15 a cathode terminal 14, and an agitation element 12 is provided. The agitation 
element 12 is positioned adjacent to the bottom surface of the chamber 11. 

The supply tube 20 is positioned above tank member 10 and is conducted 
to the chamber 11 via a channel 21. A control valve 22 is provided along the 
channel 21 so as to control the injection of the electrolyte 60 into the chamber 
20 11. 
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Each of the filtering members 30 has a core 31 for filtering the impurities 
of the electrolyte 60. The core 31 can be an ordinary one commonly found in 
filtration devices, one made of active carbon, or a combination of the above. A 
first filtering members 30 has an incoming tube 32 connected to an outlet 111 

5 opened at the bottom of the chamber 11, and a connection tube 33 connected 
to a second filtering member 30. The second filtering member 30 in tum has 
an outgoing tube 34 connected to an inlet 112 opened at the bottom of the 
chamber 11. Apump 35 is provided along the outgoing tube 34so as to draw 
electrolyte 60 from the chamber 11 via the incoming tube 32, the first and 

10 second filtering members 30, the outgoing tube 34, and then back into the 
chamber 11. As the electrolyte 60 flows through the filtering members 30, it is 
filtered by the cores 31 of the filtering members 30. Further inside the 
chamber 11, a connection tube 113 is provided whose one end is connected to 
the inlet 112 and is extended upward so that the other end 114 of the 

1 5 connection tube 113 is slightly above the electrolyte 60. As such, the filtered 
electrolyte 60 is refilled into the tank member 10. 

The pressure generation member 40 such as an air compressor is 
positioned to a side of the tank member 10. An output pipe 41 is connected to 
the chamber 11 via a pressurizing tube 42, which introduces a pre-determined 

20 gas (e.g., nitrogen) into the chamber 11 50 as to exert a pre-determined 
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pressure on the electrolyte 60 inside the chamber 11. The output pipe 41 is 
branched to the agitation element 12 via a connection pipe 43 so that the 
pre-determined gas can be spurted from the holes 121 configured on the 
agitation element 12. The electrolyte 60 is therefore stirred into streams and 
5 the electrodeposition can be built up more evenly. 

The heating member 50 contains a temperature control element 51 
positioned outside the tank member 10. A heating rod 52 and a temperature 
sensor wire 53 are extended from the temperature control element 51 into the 
chamber 11. By the feedback of the temperature sensor wire 53, the 
10 temperature control element 51 heats the heating rod 52so as to maintain the 
temperature of the electrolyte 60 between 20°C and 80°C, 

As illustrated in FIG 2, the steps in conducting precision electroforming 
according to an embodiment of the present invention are as follows. 

Firstly, a mold substrate 70 and a dissoluble metallic material 80 are 15 
1 5 positioned inside the chamber 11 and connected to the cathode terminal 14 
and the anode terminal 13 respectively. 

The mold substrate 70 in the present embodiment is an object having 
high-aspect-ratio stmctures. The mold substrate 70 contains a metaUic plate as 
base 71. On top of the base 71, a capillary tube 72 having a number of 
20 pre-determined openings 721 is erected. The capillary tube 72 is 120 um in 
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width and 12 mm in height, and therefore has an aspect ratio of 100. Before 
the mold substrate 70 is placed inside the chamber 11, it is put through a 
preliminary process as shown in FIG 3A. As shown, the mold substrate 70 is 
placed inside a closed case 90 and the closed case is vacuumed by an 
5 aspiration device 100. Then the electrolyte 60 is filled inside the vacuumed 
case 90 until the mold substrate 70 is completely immersed as shown in FIG 
3B. As the openings 721 contain no air inside, the electrolyte 60 will fill up 
every opening 721. Then, the mold substrate 70 is placed inside the chamber 
11 and connected to the cathode terminal 14. 

10 Please refer to FIG 2 again. Then, the control valve 22 is opened so that 

the electrolyte 60 is poured into the chamber 11 via the supply tube 20 until 
the electrolyte 60 rises above the mold substrate 70 and the metalhc material 
80. Please note that wetting agents can be added into the electrolyte 60 so as to 
reduce the surface tension of the electrolyte 60. 

15 The pressure generation member 40 is then engaged to introduce an 
appropriate amount of nitrogen into the chamber 11 via the pressurizing tube 
42 so that the electrolyte 60 is under a constant pressure which is between 
0.1~10 kg/cm^and preferably around 4 kg/cm . 

Finally, the electroforming is conducted under the above-mentioned 

20 pressure to form metallic deposition on the surface of the mold substrate 70. 



11 



Based on the foregoing description, the major characteristic of the device 
and method of the present invention Ues in the use of a pressure generation 
member in raising the pressure inside the chamber 11 above the normal 
atmospheric pressure when the electroforming is conducted. Under this higher 
5 5 pressure, the surface tension of the electrolyte 60 is reduced and the wetting 
property of the electrolyte 60 is thereby enhanced. The electrolyte 60 therefore 
can quickly permeate between the surface of the mold substrate 70 and the 
hydrogen bubbles. The hydrogen bubbles, as such, can be effectively and 
quickly removed. Without the influence of the hydrogen bubbles, the 

10 electroformed metallic deposition has a more uniform thickness and finer 
grains. The material strength and conductivity of the electroformed parts are 
also significantly increased. 

Another major characteristic of the present invention Ues in the filling of 
the electrolyte 60 into the channels 721 in a vacuumed environment. Therefore, 

15 during the subsequent electroforming process, in addition to the higher 

pressure exerted, the deposition can be successfully formed from the deepest 
spot of the channels 721. For stmctures having high-aspect-ratio such as more 
than 100, the present invention can still achieve highly precise electroforming. 
The present invention can be applied to the following fields for 

20 manufacturing products or molds requiring high precision: (1) copper 
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deposition in semiconductor production process; (2) micro-mold formation; (3) 
PC peripherals; (4) high-precision molds for optical fiber passive components; 
and (5) high-precision molds for biomedical products. 

While certain novel features of this invention have been shown and 
5 described and are pointed out in the annexed claim, it is not intended to be 
limited to the details above, since it will be understood that various omissions, 
modifications, substitutions and changes in the forms and details of the device 
illustrated and in its operation can be made by those skilled in the art without 
departing in any way from the spirit of the present invention. 
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I CLAIM: 

1. A precision electroforming method, comprising the steps of: 
placing a mold substrate and a metallic material inside a closed 

chamber of an electroforming tank and connecting said mold 

substrate and said metallic material to a cathode terminal and an 

anode terminal respectively; 
filUng said chamber with an electrolyte until said mold substrate 

and said metallic material are immersed in said electrolyte; 
filling a gas into said chamber and maintaining a pre-determined 10 

pressure on said electrolyte; and 
performing an electroforming process by conducting electrical 

current through said electrolyte via said cathode and anode 

terminals. 

2. The precision electroforming method according to claim 1 , wherein 
said mold substrate is a planar substrate. 

3. The precision elech-oforming method according to claim 1, wherein 
said mold substrate having a plurality of capillary tubes and said 
capillary tubes have an aspect ratio between 1-1000. 

4. The precision electroforming method according to claim 1 , fiirther 
comprising the following steps before placing said mold substrate 
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into said chamber: 

placing said mold substrate in a vacuumed space; 

filling said vacuumed space with said electrolyte until said mold 
substrate is immersed in said electrolyte; and 

opening said vacuumed space so that said electrolyte and said mold 
substrate are exposed to normal atmospheric pressure. 

The precision electroforming method according to claim 1, wherein 

said pre-determined pressure is between 0. 1 ' — 1 0 kg/cm^. 

The precision electroforming method according to claim 1, wherein 

said electrolyte contains a wetting agent for reducing the surface 

tension of said electrolyte. 

A precision electroforming device comprising: 

a tank member having a closed chamber where an electrolyte is 
stored, a cathode terminal and an anode terminal inside said 
chamber, and an agitation element inside said chamber and 
adjacent to the bottom surface of said chamber; 
a supply tube conducted to said chamber via a channel, a control 
valve being provided along said channel so as to control the 
supply of said electrolyte into said chamber; 

a second filtering member having a core for filtering impurities, an 
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incoming tube connected to an outlet of said chamber, an 
outgoing tube connected to an inlet of said chamber, and a pump 
provided along said outgoing tube so as to draw said electrolyte from 
said chamber via said incoming tube, said second filtering 
member, said outgoing tube, and then back into said chamber; 
and 

a pressure generation member having an output pipe connected to 
said chamber via a pressurizing tube so as to introduce a 
pre-determined gas into said chamber and maintain a 
per-determined pressure inside said chamber and against said 
electrolyte. 

8. The precision electroforming device according to claim 7, wherein 
said pressure generation member is an air compressor. 

9. The precision electroforming device according to claim 7, wherein a 
connection pipe is branched from said output pipe to said agitation 
element so that said pre-determined gas is spurted from a plurality of 
holes of said agitation element. 

10. The precision electroforming device according to claim 7, further 
comprising a first filtering member positioned between said second 
filtering member and said chamber along said incoming tube of said 
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second filtering member so as to provide additional filtering. 

11. The precision electroforming device according to claim 7, wherein said 
core of said filtering member is made of active carbon. 

12. The precision electroforming device according to claim 7, further 

5 comprising a heating member having a temperature control element 
positioned outside said tank member, a heating rod, and a temperature 
sensor wire wherein said heating rod and said temperature sensor wire are 
both extended fi-om said temperature control element into said chamber 
so as to maintain the temperature 
1 0 of said electrolyte between 20°C and 80°C. 
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ABSTRACT OF THE DISCLOSURE 

A major characteristic of the device and method of the present invention 
Ues in raising the pressure inside the electroforming chamber above the 
normal atmospheric pressure when the electroforming is conducted. Under 
5 this higher pressure, the electrolyte can quickly permeate between the surface 
of the mold substrate and the hydrogen bubbles. The hydrogen bubbles, as 
such, can be effectively and quickly removed. The electroformed metallic 
deposition thereby has a more uniform thickness and jBner grains. 
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